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Measurements of cervical immunity are important for evaluating immune responses to infections of the
cervix and to vaccines for preventing those infections. Three ophthalmic sponges, Weck-Cel, Ultracell, and
Merocel, were loaded in vitro with interleukin-1� (IL-1�), IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-15,
IL-18, gamma interferon (IFN-�), granulocyte-macrophage colony-stimulating factor (GM-CSF), immuno-
globulin A (IgA), or IgG, and sponges were extracted and evaluated for total recovery by enzyme-linked
immunosorbent assay (ELISA). There was excellent (>75%) recovery for all immune markers from all three
devices except for IL-6, which was poorly recovered (<60%) for all sponge types, IFN-�, which was poorly
recovered from both Weck-Cel and Ultracell sponges but was completely recovered from Merocel sponges, and
IL-4, which was poorly recovered from Weck-Cel sponges but was completely recovered from Ultracell or
Merocel sponges. We then compared the absolute recovery of selected markers (IL-10, IL-12, IgG, and IgA)
from cervical secretion specimens collected from women using each type of sponge. There were no significant
differences in the recoveries of IL-10, IL-12, and IgG from cervical specimens collected by any type of
ophthalmic sponge, but there was reduced IgA recovery from Merocel sponges. However, the variability in these
measurements attributable to sponge types (1 to 3%) was much less than was attributable to individuals (45
to 72%), suggesting that differences in sponge type contribute only in a minor way to these measurements. We
infer from our data that the three collection devices are adequate for the measurements of IL-1�, IL-2, IL-5,
IL-12, IL-15, IL-18, and IgG. Merocel may be a better ophthalmic sponge for the collection of cervical
secretions and measurements of IL-4, IL-8, IL-10, GM-CSF, and IFN-�, but our data from clinical specimens,
not in vitro-loaded sponges, suggested the possibility of reduced recovery of IgA. These findings require
confirmation.

We have been interested in optimizing the collection of
cervical secretions by using ophthalmic sponges to evaluate
cervical immunity in the context of host response to and vac-
cination against human papillomavirus (HPV) infection (3–5,
7, 8, 11–13, 15). The measurement of immunity at the cervix
may be necessary to understand immune responses to HPV,
given the localized nature of infection and the poor correlation
between levels of immunity in blood and cervical secretions (3,
4). There are numerous methods for sampling genital tract
secretions, including such methods as cervicovaginal lavage
and passive absorption. However, unlike cervicovaginal lavages
that represent an admixture of secretions of the cervix and
vagina, possibly two immunologically distinct anatomical sites
(6, 14), this method, like Sno-Strips wicks (Akron, Abita
Springs, La.) (19), collects undiluted cervical secretions. Pre-
viously, we have shown that the collection of cervical secretions
by using a Weck-Cel (XOMED Surgical Products, Inc., Jack-
sonville, Fla.) ophthalmic sponge was a minimally invasive and

broadly useful method of specimen collection that did not
negatively impact the performance of Pap smears for the de-
tection of cytologic abnormalities (11). We have also demon-
strated that cytokine and immunoglobulin (Ig) measurements
from cervical secretions collected by these devices are repro-
ducible (9). We have successfully implemented these collec-
tions in our large cohort study since 1996 (2). However, a
recent study to optimize recovery of immune markers from
Weck-Cel sponges demonstrated that some immune markers,
such as interleukin-4 (IL-4) and gamma interferon (IFN-�),
were poorly recovered from in vitro loading of these sponges
(16). The reason for poor recovery of these cytokines is uncer-
tain, but one possible explanation is that specific immune
markers irreversibly bind to the absorbent material of this
sponge.

To address whether the composition of the sponge might
improve the accuracy of measuring immune markers in cervi-
cal secretions, we compared the recoveries of immune markers
from Weck-Cel ophthalmic sponges (composed of cellulose),
Ultracell (Ultracell Medical Technologies, North Stonington,
Conn.) ophthalmic sponges (composed of polyvinyl alcohol),
and Merocel (XOMED Surgical Products, Inc.) ophthalmic
sponges (composed of hydroxylated polyvinyl acetate) loaded
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in vitro and in vivo. For our in vitro investigations, we selected
a broad spectrum of immune biomarkers to load onto the
sponges that represent T-cell helper 1 (Th1) and 2 (Th2) re-
sponses and included the aforementioned problematic cyto-
kines, IL-4 and IFN-�. For our in vivo investigations, the num-
ber of markers we can explore from a sponge is limited; we
thus selected IgA and IgG recovery from sponges loaded with
cervical secretions to identify the optimal sponge for our vac-
cine work as well as two representative cytokines, IL-10 and
IL-12, that we typically measure in cervical secretions from our
natural history studies of HPV (7, 12).

MATERIALS AND METHODS

In vitro loading of ophthalmic sponges. Sponges were loaded with immune
marker standards, IL-1�, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-15, IL-18,
IFN-�, or granulocyte-macrophage colony-stimulating factor, from commercial
enzyme-linked immunosorbent assay (ELISA) kits (BioSource International,
Camarillo, Calif.) or with commercially available IgG and IgA (The Binding Site,
Birmingham, United Kingdom). The lyophilized standards were reconstituted
with the diluent provided with the kit. The standard was then further diluted so
that 100 �l of the diluted immune marker absorbed by sponges would have a final
concentration in the extraction volume equal to the median of the standard curve
if 100% of the material was recovered. For each immune marker, five spears of
each type were spiked with diluted immune marker, allowed to absorb for 10
min, and then extracted. As a background control, an additional spear was
loaded with extraction buffer alone (no immune marker) and tested, and the
resulting value was subtracted from test values. As a positive control, a volume
of the diluted immune marker was added directly to the extraction buffer and
tested, and the result was compared to the expected 100% value. All ELISAs
were run on the same day the spears were extracted to minimize degradation of
the immune marker. All samples were run in duplicate in the ELISAs, and the
average of these two values was used.

Extraction of ophthalmic sponges. Sponges were extracted according to a
previously described protocol (16). Briefly, each sponge was weighed to estimate
the volume of secretions absorbed onto the sponge. The sponge was then equil-
ibrated in 300 �l of extraction buffer (phosphate-buffered saline, 0.25 M NaCl,
0.1 mg of aprotinin per ml, and 0.001% sodium azide) for 30 min at 4°C. Sponges
were then centrifuged at 16,000 � g in a Spin-x centrifuge filter unit (Costar,
Cambridge, Mass.) to separate extracted samples from the sponge matrix. A
second wash of the sponge with 300 �l of extraction buffer was followed by
immediate centrifugation in the Spin-X tube. The two extraction volumes were
combined, 5 �l was removed for hemoglobin testing by Hemastix (VWR Inter-
national, West Chester, Pa.), and then 4 �l of fetal calf serum was added to the
remaining specimen. A dilution factor was calculated based on the estimated
volume and dry weight of the spear as previously described (8): [(x � y) � 0.6 g
of buffer]/(x � y), where x equals the weight of the sponge after collection and y
is the mean weight of the dry spear, based on independently weighing six spears.

Collection and testing of clinical specimens. Cervical secretions were collected
from 90 consenting women scheduled for a colposcopy in the context of an
National Cancer Institute (NCI)-sponsored, NCI- and local institutional review
board-approved population-based cohort study of HPV and cervical neoplasia
established in Guanacaste, Costa Rica, from 1993 to 1994 (9, 10). Women were
scheduled for colposcopy examinations either for (i) an exiting colposcopic
inspection as a participant in the natural history study; (ii) a follow-up visit after
the exit colposcopy; (iii) an evaluation and, if necessary, treatment of high-grade
cervical neoplasia; or (iv) a follow-up visit after a loop electrosurgical excision
procedure of the transformation zone to treat high-grade cervical neoplastic
lesions. Specimens were collected every day from the first 10 consenting women
attending their colposcopic appointment plus all women with indications of
high-grade cervical neoplasia or from women from whom we had originally
collected cervical secretions until 90 participants were accrued. Participants were
randomly assigned one of six combinations of paired sponges (Merocel-Weck-
Cel, Merocel-Ultracell, Ultracell-Merocel, Ultracell-Weck-Cel, Weck-Cel-
Merocel, and Weck-Cel-Ultracell). Cervical secretions were collected as paired
specimens as previously described (12). Specimens were collected by a single
practitioner (L. A. Morera) by placing the sponge portion of the ophthalmic
device within the os of the cervix for 30 seconds, removing the device from the
patient, and immediately placing it into a cryovial and into liquid nitrogen. The
second specimen was collected in a similar manner. Since we began collecting
cervical secretions in 1996, these collections have been well tolerated, with no

reports of adverse events or noncompliance, and the same was true for the three
devices evaluated in this study.

The same commercial ELISA kits used to assay the in vitro-loaded sponges
were used to assay extracted clinical specimens for IL-2, IL-10, IL-12, IFN-�,
IgG, and IgA. Specimens, extracted in the same fashion as the in vitro-loaded
sponges, were tested for IL-2, IFN-�, IgG, and IgA by using undiluted volumes
of 200 �l, 200 �l, 10 �l (diluted 1:1,000), and 10 �l (diluted 1:1,000), respectively.
Specimens were tested for IL-10 and IL-12 by using 80-�l volumes diluted 1:1.5
with the assay diluent. We did not evaluate IL-4 or the other immune markers
primarily because of the limited number of markers that could be measured from
a single specimen and the need to test whether IL-10, IL-12, IgG, and IgA, our
standard markers of Th1 and Th2 responses, were recovered equally well from
the three sponge types.

Analysis. Total amounts of immune markers recovered from in vitro-loaded
sponges were calculated by multiplying the final extracted volumes and the
concentrations from the ELISA. The total amount recovered was divided by the
total amount loaded onto the sponge to calculate the mean percent recovery and
95% confidence interval. Differences in percent recovery between sponges were
tested for statistical significance by a Z test.

To assess the randomization of women into the six study groups, we evaluated
the differences between groups for a small number of sociodemographic, repro-
ductive, and sexual variables (age at visit, use of oral contraceptives, lifetime
number of pregnancies [�4 or �4], years of education, age at first pregnancy,
and age at first sexual intercourse) collected through an interviewer-adminis-
tered questionnaire. Statistical differences in median values for continuous vari-
ables and in categorical variables were assessed by a Kruskal-Wallis test, a
nonparametric analysis of variance statistic, and a Pearson �2 test, respectively.

The measurements of the concentrations of immune markers extracted from
each type of ophthalmic sponge were corrected for dilution as the result of
extraction and compared by the Kruskal-Wallis test. First and second sponges
were evaluated separately and then combined in a separate analysis. For the
analysis of IL-10 and IL-12 concentrations, specimens with values below the
limits of detection (0.2 pg/ml for IL-10 and 0.8 pg/ml for IL-12) were assigned a
value of one-half the limit of detection (14 first sponges and 16 second sponges
for IL-10; 2 first sponges and 1 second sponge for IL-12). Only three first spears
and seven second spears had detectable levels of IFN-� (limit of detection, 4
pg/ml), and all IL-2 measures were below the limits of detection (5 pg/ml).
Therefore, neither immune marker could be evaluated from cervical secretions,
and only IgA, IgG, IL-10, and IL-12 levels in cervical secretions were evaluated.

Variance component analyses using mixed models (random and fixed effects)
were performed (12, 17, 18) to explore the relationships of covariates with the
levels of the IgA, IgG, IL-10, and IL-12 in cervical secretions. The type of sponge
(Merocel, Ultracell, or Weck-Cel), the order of collection (first or second
sponge), the volume of the secretions (quartile categories of �14.5, 14.5 to 22.8,
22.9 to 43.4, and �43.5 �l), and the level of hemoglobin in the secretions
(categories of 1 to 4, 5 to 6, and 7, as measured by the Hemastix) were treated
as fixed effects. The individuals in the study were treated as random effects.
Boxcox transformations [Y 	 (y
 � 1)/
, in which y is the measured value and 

is the Boxcox coefficient] (1) of IgA, IgG, IL-10, and IL-12 concentrations were
used to normalize the data (NB, logarithmic transformation was not sufficient to
create a normal distribution of values); values of 
 for IgA, IgG, IL-10, and IL-12
were 0.0606572, 0.0921632, 0.1238986, and 0.1822423, respectively. In univariate
analyses, hemoglobin levels were not associated with any of these immune mark-
ers and, thus, were excluded from additional analyses. To estimate the relative
contribution of variance from individuals versus the type of the sponge, a model
was run in which sponge type was also treated as a random effect. Adjusted
means were calculated on transformed values by using the least squared means
command of the SAS/STAT software (version 8; SAS Institute, Cary, N.C.), and
the values were untransformed. In multivariate models, education and age did
not appreciably alter the estimates of adjusted mean concentrations of the
immune markers and thus were excluded from the final models.

Finally, to examine the relative performance and determine if there were
systematic errors associated with any sponge type, we examined the correlation
of measurements from the first sponge and the combination of both second
sponges (e.g., a Merocel first sponge versus an Ultracell or Weck-Cel second
sponge) by using scatter plots and calculating Spearman correlations (�).

RESULTS

No IFN-�, almost no IL-4 (5%), and less than 75% of gran-
ulocyte-macrophage colony-stimulating factor, IL-6, IL-8, and
IL-10 were recovered from in vitro-loaded Weck-Cel sponges
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(Fig. 1); all other analytes were quantitatively (�75%) recov-
ered. Only 15% of IFN-� and less than 75% of IL-6, IL-8, and
IL-10 were recovered from in vitro-loaded Ultracell sponges.
Only 15% of IFN-� and less than 75% of IL-6, IL-8, and IL-10
were recovered from Ultracell sponges; all other analytes were
quantitatively (�75%) recovered. All analytes were quantita-
tively (�75%) recovered from in vitro-loaded Merocel sponges
except for IL-6 (58%).

Ninety women were randomized to six different collection
groups as outlined in Materials and Methods. Table 1 com-
pares some of the characteristics of women in each group.

There were statistical differences in median age at the time of
the visit (P 	 0.03) and median number of years of education
(P 	 0.02) between groups but no differences in percentage of
women who had ever used oral contraceptives, percentage of
women with four or more pregnancies, median age at time of
first pregnancy, and age at time of first sexual intercourse. Of
the 90 paired cervical specimens collected by ophthalmic
sponges, one Merocel-Ultracell (first-second sponge) and one
Merocel-Weck-Cel pair was excluded because of a missing
sponge weight value and a negative estimated recovery volume,
respectively. Thus, 88 pairs of spears were evaluated. All spec-

FIG. 1. Mean percentages of recovery from different ophthalmic sponge types (black columns, Weck-Cel; gray columns, Ultracell; white
columns, Merocell) loaded in vitro with known amounts of immune markers. Bars indicate 95% confidence intervals. Statistically significant
differences (P � 0.05) are indicated by the following symbols: *, Weck-Cel � Ultracell; †, Weck-Cel � Ultracell and Merocell; ‡, Weck-Cel and
Ultracell � Merocel; #, Weck-Cel � Ultracell � Merocel.

TABLE 1. Characteristics of women randomized to the six study groups

Characteristic

Value for groupa

Pb
Merocel-
Ultracell

Merocel-
Weck-Cel

Ultracell-
Merocel

Ultracell-
Weck-Cel

Weck-Cel-
Ultracell

Weck-Cel
Merocel

Median age (yr) 39 53 42 41 47 41 0.03
Any use of oral contraceptives (%) 80 80 93 60 60 64 0.2
Lifetime number of pregnancies �4 (%) 40 53 27 27 47 27 0.5
Median years of education (yr) 6 6 8 9 6 8 0.02
Median age at 1st pregnancy (yr) 18 19 20 19 20 20 0.5
Median age at 1st sexual intercourse (yr) 17 18 18 18 19 18 0.4

a Types of first and second sponges used are indicated (first sponge-second sponge) for each group.
b Kruskal-Wallis tests were used for continuous variables, and Pearson �2 tests were used for categorical variables. Statistical significance (P � 0.05) is indicated in

bold.
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imens had IL-2 levels below the limits of detection, and most
specimens had IFN-� levels below the limits of detection; thus,
these cytokines could not be evaluated for recovery from clin-
ical specimens. The mean, median, and range of the estimated
volumes of secretions for the first sponge were 46, 32, and 1 to
240 �l, respectively, and for the second sponge were 29, 18, and
1 to 240 �l, respectively. The estimated median volumes col-
lected by Weck-Cel sponges (first sponge, 42 �l; second
sponge, 25 �l) were not significantly greater than for Ultracell
sponges (first sponge, 29 �l; second sponge, 17 �l) or for
Merocel sponges (first sponge, 32 �l; second sponge, 16 �l) (P
	 0.09, first sponge; P 	 0.06, second sponge).

By nonparametric analysis of variance, there were no statis-
tically significant differences in adjusted IL-12 and IgG con-
centrations extracted from the first sponge used to collect
cervical secretions, but the differences for IL-10 and IgA re-
covery approached significance (P 	 0.09) (Table 2). There
were no differences in recovery levels of IL-10, IL-12, and IgG
from the second sponge, but there was a significant decrease in
the amount of IgA extracted from Merocel sponges (P 	
0.005). However, when the data from the first and second
sponges were combined, there were no significant differences
in IgA concentrations (P 	 0.2).

Mixed model or adjusted means analyses were performed to
control for and evaluate other covariates in addition to sponge
type (Table 3). In models adjusted for sponge type, order of
collection, volume of secretions, and participant, there were no
significant differences in the concentrations of the immune
markers recovered from each sponge type although the recov-
ered amount of IgA was less from the Merocel sponge than
from the other sponge types (P 	 0.1). The smaller volumes of
secretions had significantly greater concentrations of all im-

mune markers than did the larger volumes. The first sponge
had nonsignificantly greater concentrations of all immune
markers than the second sponge. We observed that the vari-
ability explained by sponge type (�1% for IL-10, IL-12, and
IgG, and 3% for IgA) was much less than the variability be-
tween individuals (72% for IL-10 and IL-12, 45% for IgG, and
51% for IgA).

Finally, we examined the correlation of the first sponge with
the combination of either of the second sponges (Fig. 2) for
IgA, IgG, IL-10, and IL-12 from clinical specimens. For Mero-
cel as the first sponge and Weck-Cel or Ultracell as the second
sponge, the correlations for IgA, IgG, IL-10, and IL-12 were
0.53, 0.58, 0.75, and 0.74, respectively. For Weck-Cel as the
first sponge and Merocel or Ultracell as the second sponge, the
correlations for IgA, IgG, IL-10, and IL-12 were 0.80, 0.51,
0.69, and 0.86, respectively. For Ultracell as the first sponge
and Merocel or Weck-Cel as the second sponge, the correla-
tions for IgA, IgG, IL-10, and IL-12 were 0.67, 0.80, 0.62, and
0.83, respectively.

DISCUSSION

In in vitro experiments, we confirmed that IL-4 and IFN-�
may be poorly recovered from Weck-Cel ophthalmic sponges
(16) and demonstrated that immune markers may be more
reliably recovered from in vitro-loaded Ultracell and Merocel
ophthalmic sponges. In particular, recovery from Merocel
sponges, which are composed of hydroxylated polyvinyl ace-
tate, was nearly 100% for all tested cytokines in the in vitro-
loading experiment, except for IL-6, whose levels of recovery
were equally poor from all sponges.

Because of the complex nature of cervical secretions com-
pared to in vitro spiking of the collection devices, we sought to
verify whether there were appreciable differences between the
levels of detection of immune markers from clinical specimens.

TABLE 2. Estimated median values of IL-10, IL-12, IgG, and IgA
for cervical secretions extracted from different ophthalmic spongesa

Sponge(s) and
biomarkerb Weck-Cel Ultracell Merocel Pc

First
IL-10 (pg/ml) 29.2 87.2 164.1 0.09
IL-12 (pg/ml) 278.9 397.5 298.3 0.7
IgG (�g/ml) 2,221.2 2,592.6 2,549.6 0.5
IgA (�g/ml) 325.3 591.6 590.2 0.09

Second
IL-10 (pg/ml) 96.4 139.3 73.1 0.7
IL-12 (pg/ml) 583.6 616.3 494.7 0.7
IgG (�g/ml) 2,479.3 3,371.8 2,056.5 0.2
IgA (�g/ml) 858.5 995.1 363.3 0.005

Combined
IL-10 (pg/ml) 84.7 105.7 123.9 0.5
IL-12 (pg/ml) 404.5 471.1 451.9 0.6
IgG (�g/ml) 2,382.6 3,054.6 2,254.9 0.4
IgA (�g/ml) 694.3 798.9 518.5 0.2

a The value was estimated by correcting for the dilution resulting from the
extraction from the ophthalmic sponge (see Materials and Methods).

b “First” and “second” sponge refers to the sequence in which the specimen
was collected in the paired collection. The numbers of first sponges are as
follows: for Weck-Cel, n 	 30; for Ultracell, n 	 30; and for Merocel, n 	 28.
The numbers of second sponges are as follows: for Weck-Cel, n 	 29; for
Ultracell, n 	 29; and for Merocel, n 	 30. The number of combined sponges in
each case is the sum of the numbers of first and second sponges: for Weck-Cel,
n 	 59; for Ultracell, n 	 59; and for Merocel, n 	 58.

c Differences in recovery from the sponges were evaluated by the Kruskal-
Wallis test, a nonparametric analysis of variance statistic, and statistical signifi-
cance is highlighted in bold print.

TABLE 3. Adjusted means of IgA, IgG, IL-10, and IL-12 levels
from cervical secretions collected with ophthalmic spongesa

Parameter IgA
(�g/ml)

IgG
(�g/ml)

IL-10
(pg/ml)

IL-12
(pg/ml)

Sponge typeb

Merocel 501.6 2,128.5 88.0 97.5
Ultracell 726.5 2,647.2 77.0 84.0
Weck-Cel 627.2 2,746.0 79.2 87.6

Volume category (�l)c

�14.5 1094.8 4,647.5 125.6 136.0
14.5–22.8 937.6 3,725.1 104.9 115.0
22.9–43.4 648.2 2,538.2 87.0 95.1
�43.5 199.7 810.2 36.0 39.9

Collection orderd

First sponge 674.3 2,908.0 97.8 108.1
Second sponge 554.8 2,133.0 67.2 73.6

a Concentrations were transformed using the Boxcox transformation (Box and
Cox) to normalize the distribution of concentrations but untransformed values
are presented. Values were mutually corrected for sponge type, volume of cer-
vical secretions, collection order of the sponge, and participant. P values of �0.05
were considered statistically significant.

b P values were 0.1 for IgA, 0.5 for IgG, 0.9 for IL-10, and 0.9 for IL-12.
c P values were �0.0001 for IgA and IgG and 0.02 for IL-10 and IL-12.
d P values were 0.2 for IgA, IL-10, and IL-12, and 0.1 for IgG.
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FIG. 2. Correlations between the first sponge and second sponge (Merocel versus Ultracell or Weck-Cel, Weck-Cel versus Merocel or Ultracell,
and Ultracell versus Merocel or Weck-Cel, respectively) for IgA, IgG, IL-10, and IL-10. Spearman correlations are shown for the first sponge versus
both types of second sponges.
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Despite the equally high recovery of IgA from each sponge
type in our in vitro experiments, there was some evidence of
reduced IgA recovery from clinical specimens when Merocel
sponges (and Weck-Cel sponges) were used for collection.
Although we randomized the women to different groups and
attempted to adjust for any differences between groups (using
both order and type), the groups were not perfectly balanced
(e.g., as evident by the differences in age), and reduced IgA
recovered from Merocel sponges could also be due to chance
differences between groups. This observation is preliminary,
however, and warrants confirmation. Moreover, differences in
these measurements due to sponge types are relatively minor
compared to the large differences between individuals, the
latter being consistent with previous observations (7, 12). The
large variability in genital tract immune biomarker concentra-
tions between women is due in part to many possible determi-
nants; for IL-10 and IL-12, they may include time of the men-
strual cycle, low secretion volume, macro levels of heme
contamination, high vaginal pH, numbers of lifetime sex part-
ners, frequency of sexual intercourse, present oral contracep-
tive use, and smoking status (7).

In this study, there was also a nonsignificant tendency for
higher IL-10 and IL-12 concentrations from Merocel sponges
than from the other types. However, we note that there were
no apparent systematic errors in the use of any of these
sponges (Fig. 2), although there was the expected tendency of
poorer correlation (greater scatter) as the measurements ap-
proached limits of detection, as best illustrated by IL-10 scatter
plots. Thus, we anticipate that any of the sponges will measure
relative differences in any immune marker equally well, pro-
vided that losses in immune marker recovery from the sponge
do not reduce concentrations near or below the limits of de-
tection.

One limitation of our study was that we were not able to
evaluate the recovery of IFN-� from any of the ophthalmic
sponges used to collect cervical secretions due to mostly un-
detectable levels, and thus we were unable to confirm these
differences in vivo. IL-2 was also not detectable from clinically
collected specimens. IL-2 is detectable in adolescent women
(5) but levels are substantially lower in older women (P. Crow-
ley-Nowick, unpublished observations); the median age in this
study was 43 years. Our study was designed primarily to detect
the large differences observed for IFN-� in vitro (post hoc
analysis indicates a �80% power to detect a 90% reduced
recovery), and thus subtle differences in recovery would not be
detectable.

A second limitation is that the small volumes of cervical
secretions recovered (50 �l) and the low concentrations of
some immune markers after extraction restricted the number
of immune markers that could be measured by ELISA in this
validation study. Specifically, we did not examine IL-4, which
appeared to be problematic for Weck-Cel sponges as deter-
mined from our in vitro measurements. We are now exploring
other assay systems that permit multiple measurements from
the same aliquot of cervical secretions and thereby circumvent
this limitation (3).

We conclude that there may be some advantages to using
Merocel ophthalmic sponges instead of Weck-Cel or Ultracell
sponges. However, further studies are needed. The unex-
plained tendency of poorer IgA recovery from clinical speci-

FIG. 2—Continued.
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mens collected with Merocel sponges warrants caution, and it
may be necessary to select sponges based on specific study
objectives. For example, if the lower IgA recovery from Mero-
cel sponges is confirmed, it may be less appropriate to use this
sponge to monitor anti-HPV IgA responses to vaccination. We
again note that potential differences between sponges are small
compared to the differences between women, which are likely
due to a number of factors (e.g., time of the menstrual cycle)
that contribute to differences in genital tract physiology. Fi-
nally, optimizing specimen collection for measurements of
genital tract immune responses may be important to human
studies such as vaccine trials for protection against sexually
transmitted infections.
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